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TUBE FOR CONVERSION OF GAS FLOW TO DIFFERENTIAL PRESSURE 

Background. i_ , • i. n 

Typically, a gas flowmeter contains a gas flow receiver (GFR), the tube through which gas flow 
passes and a differential pressure transducer thus connected to the GFR. The transducer measures 
differential pressure generated by a flow-resistive element placed inside the tube (Fig. 1). For 
certain applications such as spirometry, a GFR having simple shape, providing easy cleaning 
and/or disposability, are the most attractive. Among GFRs used in industry and medicine, one can 
find tubes with flow resistive elements made in the form of plane diaphragms (flow-obstacles 
. designed to create local differential pressure while allowing flow). The closest prototype used in 

spirometry, is the GFR with crest-like flow resistive element [US Patent 5038773]. 
r The particuto design ollhe GFR used in spirometry is the^ result "of "a''trade-off between the 
imperative to increase differential pressure generated by the flow resistive element to obtain higher 
sensitivity of the flowmet^, and the requirement not to exceed a maximum acceptable back- 
pressure specified by spirometry standards. For example, American Thoracic Society Standards 
for Spirometry (1994) requires the back-pressure to be not greater than 150 Pa s/1 in the whole 
operating range. Therefore the GFR with highest ratio (differential pressure)/(back pressure) is 
preferable for this particular application. 
G Another problem to be solved in the described flowmeter is related to reproducibility of 
transformation characteristic of the GFR that defines flow-to-differential pressure conversion. For 
this purpose, simpler shapes of the GFR provide easier fabrication, with better reproducibility of 
^ the dimensions of the inner surface of the tube, which eventually guarantee reproducibility of the 
conversion factor. Another result of the tube shape simplification is the reduction of fabrication 
costs which is of great importance especially for disposable tubes. 

One desirable feature for a GFR is insensitivity to the shape of the flux (i.e. gas velocity 
distribution across the cross-section of the tube) at a GFR input. The importance of this GFR 
'0 property resuhs fi-om the follov^ing considerations. Equipment such as a calibrated syringe or flow 
R bench, used to calibrate the flowmeter, generate flows with gas velocity distribution across the 
% cross-section of the flux determined by the particular shape of their output parts (e.g. narrow 
'fc: • versus wide openings; long versus short connections). On the other hand, when the GFR is 
connected to the investigated flow source (such as a live patient, in spirometry), the gas velocity 
. distribution across the cross-section of the flux cannot be controlled, and can differ substantially 
from those generated during calibration. Therefore, unpredictable errors in measured flow rate can 
occur. To reduce sensitivity of the GFR to the flux shape, some changes of the tube are commonly 
used such as an additional screen on its input, or curving of the tube before the flow resistive 
element. As a resuU of these modifications, the generated back-pressure is increased, and shape of 
the GFR becomes more complex. These can be considered as disadvantages because of the reasons 
presented above. 

The goal of the present invention is to: 

• improve (differential pressure)-to-(back pressure) ratio; 

• simplify the shape of the GFR for better reproducibility and easier fabrication; 

• reduce sensitivity of the GFR to the shape of the flux. 
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Summary of the invention and description of the drawings 

The goal of the invention is solved by the new design of the flow-resistive element of the GFR. 
The flow-resistive element is made in the form of an obstacle to gas flow having non-symmetrical 
shape when viewed along the long axis of the GFR tube. The flow-resistive element is designed to 
simultaneously obtain low overall back-pressure, and high local differential pressure measured 
between two points inside the GFR. The local differential pressure is created by placing an 
obstacle in the GFR, directly between the two points inside the GFR at which the differential 
pressure is measured, as close as possible to the midpoint of the line connecting these two points. 

Fig. 1 is a schematic of the GFR (typical prior art). 

Fig. 2 is the Gas Flow Receiver with star-like diaphragm (typical prior art). 

Fig.-3 is the Gas Flow-Receiver with non-symmetrical flow^resistive element (this invention). 

Fig. 4 shows the measured back-pressure versus flow for both types of the GFRs. 

Fig. 5 shows the measured ratio rj of differential pressures generated by non-symmetrical and 

symmetrical flow resistive elements versus flow. 

Fig. 6 shows deviations of experimentally measured syringe volume from its actual value obtained 
during "expiration" and "inspiration", at different averaged flow rates for the GFR with 
symmetrical star-like obstacle. 

Fig. 7 depicts deviations of experimentally-measured syringe volume from its actual value 
obtained in regimes "expiration" and "inspiration" at different averaged flow for the GFR with 
invented non-symmetrical flow resistive element. 
Fig. 8 is a schematic side view of the GFRs. 

Fig. 9 is a schematic front view of the flow resistive element within the GFR tube (viewed along 
the long axis of the tube). 

Description of the preferred embodiment 

To prove the invented idea, two experimental GFRs have been constructed. Each of the star-like 
symmetrical diaphragm and the invented non-symmetrical diaphragm were placed in the middle of 
identical tubes 120mm long with input inner diameter of 21mm and inner diameter of 19mm at the 
center of the tube (Figs.2 and 3). The shapes of the flow resistive elements have been chosen so as 
to generate back pressure lower then 150Pa s/l (required by ATS standards for spirometry). The 
six beams of the star-like diaphragm have width of 1mm each. The central spot of the diaphragm 
has a diameter of 4mm. The non-symmetrical diaphragm has the shape of a circular segment with 
height of 4mm. The star-like diaphragm has thickness of 1mm while segment-type diaphragm has 
a thickness of 0. l-0.2mm. 

Each of the GFRs was connected to the same differential pressure transducer and individually 
calibrated. Back pressure was measured by an additional pressure sensor. 3-liter calibration 
syringe "SpiroCal" fabricated by Burdick Inc. (Milton, WI, USA) was used to generate gas flows 
during the experiments. Fig. 4 shows dependence of back pressure versus air flow for two GFRs. 
Fig. 5 depicts ratio 7]^APj/AP2 as function of flow, where APi and AP2 are differential pressures 
generated by the GFRs with the invented non-symmetrical diaphragm, and symmetrical star-like 
diaphragm respectively. The invented GFR generates lower back pressure and higher differential 
pressure then the GFR with symmetrical diaphragm. 

To check sensitivity of two tubes to gas velocity distribution across the cross-section of the tube, 
the following two-step experiment was performed. In the first step, each tube (after calibration) 
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was connected to the syringe and gas was "inspired" froin ambient through the tube into the 
syringe by piston strokes at different flow rates - "inspiration". The inspired volume was 
measured by the electronic module combined with special software package, and compared with 
the actual volume of the syringe. In the second step, each tube was rotated by 180 degrees, such 
that its flow direction was reversed, and connected to the syringe with its opposite end, and the 
same experiments were conducted except with gas being pumped out of the syringe, by 
"expiration" piston strokes. Thus, the direction of gas flow in the tubes was the same, but the 
connections, and thus, the gas flow velocity distributions in the flux, were different. In the first 
step, the GFR input is connected directly to an infinite volume of ambient gas, while in the second 
step'the gas flux entering the GFR is shaped by a 40mm-long connecting tube with inner diameter 
of 30mm. Deviations (in %) of experimentally measured syringe volume from its actual value, 
obtained in the regimes "expiration" and "inspiration" at different averaged flows, -for the two 
tested GFRs, are presented in Figs. 6 and 7. The GFR whh the star-like diaphragm demonstrated a 
discrepancy in measured volumes up to 8.5% due to changes of its orientation, which confirms its 
sensitivity to gas velocity distribution across the cross-section of the tube. For the invented tube^ 
these discrepancies did not exceed 1%, which demonstrates substantially lower sensitivity to gas 
velocity distribution across the cross-section of the flux. 

The invented GFR has a simpler shape than the GFR with symmetrical star-like diaphragm or 
crest-type flow resistive element, which can simplify its fabrication and improve reproducibility of 
the conversion charactOTStic. 

The described embodiment confirms the advantages of the invented solution. Meanwhile other 
shapes of non- symmetrical flow resistive element can be used for the claimed purposes. The GFRs 
containing the invented flow-resistive elements in the form of non-symmetrical circular segments 
with heights of 3mm and 5mm, have been also tested. Experimental results are presented in Figs. 4 
and 5 by triangles and circles. These variations have also demonstrated low sensitivity to gas 
velocity distribution across the cross-section of the flux. 

Increase of the thickness of the circular segment obstacle from 0.2 to l-2mm does not cause 
significant changes in the conversion characteristics of the GFR. Observed deviations of back- 
pressure and local differential pressure did not exceed 5%. 

Figs. 8 and 9 show several possible designs of the GFR that do not exhaust all possible shapes of 
the GFRs. Particular choice of certain GFR should provide optimal adaptation to the given 
application and fabrication process technology. 



Applicant or Patentee: Oleg Grudin 

Application or Patent No.: ___ 

Filed or T<;<;iied- hereunth 

Title: "Tube for conversion of gas fl ow to differential pressure 



VERIFIED STATEMENT (DECLARATION) CLAIMING SMALL ENTITY STATUS 
[(37 CFR L9(0 and L27 (b)] - INDEPENDENT INVENTOR 

As a below named inventor, 1 hereby declare that I qualify as an independent inventor as defined in 37 CFR L9(c) for 
purposes of paying reduced fees to the Patent and Trademark Office described m: 
m the specification filed herewith with title as listed above. 
□ the application identified above, 
the patent-identified above. 



I have nit assigned, granted, conveyed or licensed and am under no obligation under contract or law to assign, grant, convey or license, any rights 
L ^.tS'o a^^^ not qualify as an independent inventor under 37 CFR 1.9(c) if that pen^cm had n^^^^ or to 

^y concern which woulTiiot qualify as a small business concern under 37 CFR 1.9(d) or a nonprofit organization under 37 CFR 1.9(e). 

Each person, concern or organization to which I have assigned, granted, conveyed, or hcensed or am under an obHgation under contract or law to 
assign, grant, convey, or license any rights in the invention is listed below: 



CE3 
□ 



No such person, concern, or organization exists. 

Each such person, concern, or organization is listed below. 



Fm^LNAME 

f'^^(^^I NDIVIDUAL ( ) SMALL BUSINESS CONCERN ( ) NONPROFIT ORGANIZATION 



F^L NAME ^ ^ 

INDIVIDUAL ( ) SMALL BUSINESS CONCERN ( ) NONPROFIT ORGANIZATION 



^jaiate verified statements are required from each named person, concern or organization having rigjits to the 
^^1 entities. [37 CFR 1 .27] 

lS:knowledgc the di^ty to file, in tliis application or patent, notification of any change in status resulting in l<«s 
j^or to paying, or at the time of paying, the earliest of the issue fee or any maintenance fee due after the date 
no longer appropriate. [37 CFR 1.28(b)) 

I hereby declare that aU statements made herein of my own knowledge are true and that all statements made on 
to be true and further that these statements wer« made xvith the knowledge that willful false statements and 
fine or inirisonmcnt, or both, under section 1001 of Titie 18 of the United States Code and that such 
vaHdity ofthc application, anv patent issuing thereon, or any patent to which this verified statement is directed. 



invention averring to their status as 

of entitlement to sntiall entity status 
on which status as a small entity is 

infonnation and belief are believed 
the like so made are punishable by 
false statements may jeopardize the 



NAME OF INVENTOR 
Oleg Grudin 



SIGNATURE OF INVENTOR 



DATE 



CONFroENTlAL 




Fig. 1 



CONFIDENTIAL 




CONFIDENTIAL 




6 



CONFIDENTIAL 




7 



CONFIDENTIAL 



• \ 



Gas Flow Receiver with 
symmetrical star-like diaphragm 

O "expiration" 

• '.Inspiration". . „ . 



O 

h, o 



o 



o o 



o 



o 



o 



I 



I 



4 6 
Flow (l/s) 



10 



s 



CONFIDENTIAL 



/' N 

Gas Flow Receiver with 
invented flow resistive element 

O "expiration" 

# "inspiration" 



4 6 S 10 

Flow (l/s) 



CONFIDENTIAL 




CONFIDENTIAL 



